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INTRODUCTION

Narrative:

Subject: Increasing numbers of breast cancer survivors are at risk for long-term sequelae from
treatment. Axillary surgery or radiation therapy to the breast may alter lymph channels, leaving
the survivor with a lifetime risk for developing lymphedema. Lymphedema is a swelling of the
upper extremity, which causes pain, debility, and reduced quality of life (QOL) that impacts
choices about work, social and sexual interactions and self-esteem. Protective measures to reduce
the risk of lymphedema become important life-long skills. However, there is inconsistent
teaching of protective measures and inattention to lymphedema detection in clinical practice.
Purpose: The purpose of this study is to test that structured perioperative training in
lymphedema protection will decrease lymphedema, the episodes of infection, the time to
detection of lymphedema and improve the QOL in patients undergoing axillary dissection and/or
radiation therapy for breast cancer as compared to a control group.
Scope: The specific aims are 1) what is the incidence of lymphedema and infection during the
first three years after surgery among breast cancer patients who received perioperative training in
lymphedema protection as compared to a control group? 2) What are the differences in the,
measured QOL among breast cancer patients during the first three years after surgery that
received perioperative education in lymphedema protection as compared to a control group? 3)
What are the retention of information on lymphedema protection, and the compliance with arm
precautions among breast cancer patients who received perioperative lymphedema training as
compared to a control group?
Methods: Patients with resectable breast cancer also undergoing axillary lymph node surgery
and/or radiation therapy to the breast will be prospectively randomized to two groups. In
addition to receiving standard care (i.e., written breast rehabilitation materials and preoperative
counseling by the breast surgeon), patients in Group 1, will receive structured education in
Breast Surgery Rehabilitation including range of motion exercises, lymphedema arm
precautions, and management of complications. Patients in Group 2 will receive standard care
(written material and preoperative counseling by the surgeon). For both groups, preoperative and
then quarterly volume measurements and exams of the upper extremities will be done for three
years after surgery in order to determine lymphedema and infection incidence. The QOL will be
measured longitudinally by the Functional Assessment of Cancer Therapy-Breast (FACT-B) and
the Medical Outcome Study Short Form Health Survey (MOS SF-36) and sexuality subscales of
Cancer Rehabilitation Evaluation System (CARES). The knowledge of and practice of
lymphedema protective skills will be measured by periodic testing longitudinally as well.
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Part 1: Response to Reviewer's comments from Year IV report:
There were no issues to address. The report was accepted and there were no
technical issues.

Part 2: Research accomplishments associated with each task outlined in the
approved Statement of Work. Therefore, the Year V report is cumulative
through 8/5/05
(Tables and Figures are clustered after Statement of Work summary)

Task 1. Start-up, Months 1-2.
This was completely accomplished in 2000.

Task 2. Introduce study to physicians, nurses and clerks in clinics, Months 1-2.
This was completely accomplished in 2000.

Task 3. Subject recruitment and data collection, Months 3-60.
This was completely accomplished.

For the determination of LE and infection rates (Specific Aim 1) in this clinical trial of
perioperative education, we report on 163 evaluable participants which meets the goal of at least
158-179 evaluable participants. The analyses of changes in quality of life (QOL) (Specific Aim
2) and determination of knowledge and compliance with LE protection measures (Specific Aim
3) are also based upon this study population.

Task 4. Perioperative teaching sessions, Months 3-27.
This was completely accomplished for all participants in the intervention group.

Annual Report IV(Appendix Item #1) from last year showed compliance with this item and will
not be repeated in this report.
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Body Part 2 Research Accomplishments associated with each task in Statement of Work
(continued)

Task 5. Quarterly measurements of subjects, Months 6-60.
A majority of subjects have completed the 3 year followup. Some require a few

more measurements which will be accomplished through a no-cost extension approved through
8/06. From last year's report (Appendix Item #3), we showed the measurement data in
centimeters at multiple standardized sites along both upper extremities. If a patient was unable to
complete a quarterly measurement, we saw them at the next opportunity.

Task 6. QOL questionnaires at 6 months, 1-, 2-, and 3-years postop, Months 9-60.
A majority of subjects have completed the 3-year followup QOL questionnaires.

Task 7. Booster training session for Group 1 subjects, Months 9-33.
This was completed for all participants in the intervention group. The list was

supplied last year (Appendix Item # 2) and will not be duplicated this year.

Task 8. Knowledge and compliance questionnaires, Months 9-60.
A majority of subjects have completed the 3-year followup Knowledge and

Compliance questionnaires.

Task 9. Calculations of limb volumes and comparison of differences, Months 3-60.
A majority of subjects have completed the 3-year followup.
Weekly report sheets are created and reviewed which show cumulative data:

a) volume changes
b) >1cm measurement changes
c) symptoms

All subjects with >10% volume change, >1cm measurement change and/or persistent symptoms
are evaluated by the LE study nurse. An example of the weekly volume report was supplied last
year (Appendix Item # 4) and will not be duplicated this year.

Task 10. Quarterly data entry and print out by the Psychosocial and Behavioral Core,
Months 3-60.
From the previous annual reports, the Psychosocial and Behavioral Core was

dissolved by the reorganization at the Karmanos Cancer Institute. Data entry was performed at
least weekly by a data manager through 7/7/05. Backup computer discs were made weekly.

Task 11. Interim analysis of data after 1 year, 3 years, Months 14-16, 38-40.
This was accomplished, with the most recent analysis after the 4 th year instead of

the 3rd year due to the power outage in the SE Michigan area in August, 2003. We were excused
from this item for the Year III report.

The data tables and figures found in Part 3 of the Body Section after this section on Statement
of Work were performed with the study statistician. The comparisons of various patient
characteristics between the control and intervention arm or between patients with and without
lymphedema were performed using 2-sample t-tests and chi-square tests. A multivariable
logistic regression with a backward variable selection procedure was also utilized to determine
the relationship between lymphedema and various risk factors.
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Body Part 2 Research Accomplishments associated with each task in Statement of Work
(continued)

Task 12. Analysis of data after 5 th year, Months 61-65.
Not yet applicable. This will be accomplished with a no-cost extension already
approved for months 61-72 instead. Analysis of data for the Annual Report V was
performed. Supporting data are found in Part 3 (below) of the Body section.
Comments/Discussion appear throughout.

Task 13. Annual report to USAMRMC, Months to be designated by USAMRMC.
Completed for each year (I-V).

Task 14. Meeting in Baltimore, Maryland to disseminate results of DoD-sponsored
Research during the second year, Month to be announced by USAMRMC.
Completed. PI attended September, 2003, Orlando, FL. Poster presentation.

Task 15. Write journal articles. Submit abstract, Months 12-60+
Ongoing. Please see Bibliography section (Part 5 of the Body section).
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Part 3 Tables and Figures (Supporting Data)

Table I Population Characteristics of Study Participants
Intervention Group Control Group Univariate

N 78 85
Mean age, yrs + S.D. 54.02±11.67 52.86±13.29 P=0.5559
Race

African American 33.00 35.00 P=1.000
Caucasian 38.00 39.00 For AA

Hispanic 1.00 2.00 Vs Non-AA
Arab/Chaldean 1.00 2.00

Asian 0.00 4.00
Native American 2.00 1.00

Other 3.00 2.00
Employment status P=0.7472

Working 31.00 31.00 For working
Not working 21.00 19.00 vs. other

Retired 14.00 12.00
Not answered 12.00 23.00

Highest education level P=0.7235
Less than high school 2.00 2.00

Some high school 8.00 6.00 For College
High school/GED 40.00 42.00 Vs.
Bachelor degree 14.00 15.00 Non-college
Masters degree 4.00 8.00

Doctorate/professional school 3.00 1.00
Not answered 7.00 11.00

Annual income P=0.4585
< $5,000 6.00 8.00

$5,000-$15,000 9.00 13.00 For
$15,001-$30,000 9.00 10.00 < $50,000
$30,001 -$50,000 8.00 8.00 vs.
$50,001-$75,000 9.00 8.00 >$50,000

> $75,001 17.00 15.00
Not answered 20.00 23.00

Marital Status P=0.4139
Divorced/separated 17.00 14.00 For

Married/Cohabitating 38.00 33.00 Married/
Never married 10.00 12.00 Cohabitating

Widowed 9.00 16.00 Vs.
Not answered 4.00 10.00 All others

Transportation P=0.8700
Usually drive myself 50.00 56.00

Usually use public transportation 8.00 2.00 For
Usually driven by someone else 15.00 15.00 Drive myself

Other 0.00 2.00 Vs.
Not answered 5.00 10.00 All others

Religious Preference P=0.5021
Catholic 21.00 18.00

Hindu 0.00 1.00 For
Jewish 2.00 0.00 Christian
Muslim 1.00 1.00 Vs.

Protestant 20.00 20.00 Non-
Other 22.00 30.00 Christian
None 3.00 4.00

Not answered 9.00 11.00
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Table 2 Clinical Characteristics of Study Participants in the Intervention and Control
Groups for LE Protection teaching.

Intervention Group =Control Group Univariate
N 78 85
Breast Cancer Stage P=1.000

0 10.00 8.00 For Stage 0,1
1 23.00 29.00 vs. Stage

IIA 19.00 19.00 IIA,IIB,IIIA,IIIB
1iB 14.00 16.00
lilA 7.00 8.00
IIIB 5.00 5.00

IV 0.00 0.00
Type of breast and axillary surgery P=0.3742

Mastectomy + axillary surgery 40.00 51.00
Lumpectomy + axillary surgery 33.00 27.00

Lumpectomy 5.00 7.00
Radiation therapy P=0.2442

Yes 56.00 53.00
No 22.00 32.00

Number of LNs submitted (mean ± 8.64±6.03 9.63±6.23 P=0.3058
SD)
< 8 LNs submitted 40(51%) 40(47%) P=0.6395
> 8 LNs submitted 38(49%) 45(53%)
Number of LNs positive for ca

0 45(58%) 48(56%) P=0.6038
1-3 25(32%) 24(28%)
>4 8(10%) 13(15%)

Body Mass Index (BMI) 29.08±7.12 28.91±7.54 P=0.8882
(mean ± SD)

BMI >25 53(68%) 58(68%) P=1.000
BMI >30 27(35%) 33(39%) P=0.6275

Discussion: Tables I and II show that the population and clinical characteristics of the study
patients for the intervention and control groups show no difference by univariate analysis as
expected. This supports the randomization scheme used in the study. Therefore, any differences
in LE rate, infection, time to LE are due to other reasons.
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Table 3A Incidence of LE in the intervention and control groups (Specific Aim 1)
Secondary LE (n=95) Without LE (n=68)

Intervention (n=78) 50 (64%) 28 (36%) P=0.1566
Control group (n=85) 45 (53%) 40 (47%) 1

Table 3B Incidence of LE in the intervention and control groups (Specific Aim 1)
(where ARM LE+ determined by >10% volume increase and confirmed by nurse)

Secondary LE (n=42) Without LE (n=121)
Intervention (n=78) 21(27%) 57 (73%) P=0.8580
Control group (n=85) 21(25%) 64 (75%)

Table 4 Infection rate in the intervention and control groups, and in those with LE and
without LE (Specific Aim 1)

Infection No infection
Intervention (n=78) 4 (5%) 74 (95%) P=0.7106
Control group (n=85) 3 (4%) 82 (96%)

LE (n=95) 1.6 (6%) 189 (94%) P=0.2406
No LE (n=68) 1 (1%) 67 (99%)

Acute LE Chronic LE

401

.30

S20

.0 10 - ~ ILK ~0 17

6 9 12 15 18 21 24 27

months to appearance of LE

Fig. 1. Determining when secondary LE occurs after breast cancer surgery. Using quarterly prospective upper
extremity measurements after breast cancer surgery, determination of secondary LE was made by comparing volume
changes to preoperative measurements. These were verified by a LE nurse specialist. The months to appearance of
secondary LE are along the x-axis, and number of cases along the y-axis. By definition, acute LE presents and
resolves within 12 months. Chronic LE presents after 12 months, or, if acute LE persists after 12 months, it is then
considered chronic.

Specific Aim 1: What is the incidence of lymphedema and infection during the first three
years after surgery among breast cancer patients who received perioperative training in
lymphedema protection as compared to a control group?

Discussion: From Table 3A, the of LE in the intervention group is not significantly different
from the control group. The initial determination of LE proposed was a greater than 10%
volume increase in the extremity as compared to preoperative baseline volume. Since the study
began, we have identified additional criteria that are used in practice, including a greater than 1
cm increase in circumference at any measurement site as compared to baseline and as compared
to the contralateral extremity. (Published comparison of methods in J Surg Res 2003; please see
Part 4 of Body section and Appendix). Table 3B shows the incidence of LE when the criterion of
Greater than 10% volume increase is used. There is still no difference between the intervention
Group and the control group. From Table 4, the interim infection rate is similar in the
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intervention and the control group. However, there are more subjects with infection in the LE

group than in the group without LE. This still does not become significant (P=0.2406). Figure 1

depicts the time to appearance of LE. The majority occur within the first year after surgery. Most

persist. Only a minority first occur after the first year of surgery. The time to LE was not

different for those in the intervention group or control group. An early paper from this study (J

Surg Res 2001; See Part 4 of Body section and Appendix) discussed the appearance of LE within

the first year after surgery as well as symptoms preceeding measurement changes by 3 months.

The pattern of LE appearance after breast cancer surgery will be presented this Fall, 2005, at the

American College of Surgeons. The plan is to perform subset analysis during the next few

months looking at the influence of race, age, stage, type of surgery, number of lymph nodes

removed and how many positive for cancer, and radiation therapy while examining LE cases as

acute, chronic or acute becoming chronic (persistent).

Funding for two sister grants was obtained (2005) to examine influences on the

development of LE that exclude teaching. These factors are: inherited polymorphisms in genes

that code for lymphatic healing, activities which exacerbate the altered lymphatics
postoperatively, and uncontrolled hypertension. A paper has been submitted examining the

relationship between uncontrolled hypertension and the development of LE (please see Part 4 of

Body section and Appendix).
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Table 5 Population Characteristics of Breast Cancer Survivors with and without Upper Extremity
Secondary Lymphedema (LE) (Specific Aim 1)

With LE Without LE Univariate
N
Mean age, yrs±SD(range) 53.78±11.72 52.91±13.63 P=0.5559
Race P=1.000

African American 39 29 For AA
Caucasian 43 34 Vs Non-AA

Hispanic 4 0
Arab/Chaldean 3 0

Asian 1 3
Native American 1 2

Other 4 0
Employment status P=0.7448

Working 36 26 For working
Not working 21 19 vs. other

Retired 18 8
Not answered 20 15

Highest education level P=0.3660
Less than high school 11 7 for

High school/GED 49 33 College
Associate degree Vs.
Bachelor degree 17 12 Non-College
Masters degree 6 6

Doctorate/professional school 2 2
Not answered 10 8

Annual income P=0.8515
< $5,000 7 7 for

$5,000-$15,000 12 10 < $50,000
$15,001-$30,000 11 8 Vs.
$30,001-$50,000 10 6 >$50,000
$50,001-$75,000 13 4

> $75,001 18 14
Not answered 24 19

Marital Status P=0.6219
Divorced/separated 19 12 For

Married/Cohabitating 44 27 Married/
Never married 14 8 Cohabitating

Widowed 12 13 Vs. others
Not answered 6 8

Transportation P=0.5071
Usually drive myself 60 46 for

Usually use public transportation 8 2 Drive myself
Usually driven by someone else 20 10 Vs.

Other 0 2 All others
Not answered 7 8

Religious Preference P=0.2363
Catholic 25 14 For

Hindu 0 1 Christian
Jewish 0 2 Vs.
Muslim 2 0 Non-

Protestant 26 14 Christian
Other 28 24
None 2 5

Not answered 12 8
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Table 6 Clinical Characteristics of Breast Cancer Survivors with and without Secondary LE
With LE Without LE Univariate

N
Breast Cancer Stage P=0.0162

0 5 13
1 29 23 For Stage 0,1

IIA 23 15 vs. Stage
1iB 22 8 IIA,IIB,IIIA,IIIB

lilA 9 6
IIIB 7 3

IV
Type of breast and axillary surgery P=0.1571

Mastectomy with axillary surgery 53 38
Lumpectomy with axillary surgery 38 22

Lumpectomy 4 8
Radiation therapy P=1.0000

Yes 63 46
No 32 22

Number of LNs submitted 11.00±5.82 6.57±5.65
(mean ± SD)

< 8 LNs submitted 32 (34%) 48 (71%) P<0.000004
> 8 LNs submitted 63 (66%) 20 (29%)

Number of LNs positive for ca
0 47 (49%) 46 (68%) P=0.0526

1-3 35(37%) 14(21%)
>4 13(14%) 8(12%)

Body Mass Index (BMI) 29.62±7.20 28.13±7.46 P=0.2048
(mean ± SD)

BMI >25 67 (71%) 44 (65%) P=0.4964
BMI >30 36 (38%) 24 (35%) P=0.7453

Discussion: From Tables 5 and 6, univariate analysis of those with LE compared with those
without LE showed that LE was significantly associated with certain clinical characteristics.
These included the number of mean number of lymph nodes resected at surgery especially if >8
lymph nodes were submitted (P<0.000004). Furthermore, while the mean number of lymph
nodes positive for metastatic cancer was associated with increased risk for LE, (p=0.0526). There
was also increased risk of LE with higher stage of breast cancer (Stage 11A and above vs Stage 0
or I, p=0.0162). There were no population characteristics associated with those with increased
risk of LE.
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Table 7 The LOGISTIC Procedure -Analysis of Maximum Likelihood Estimates

Model: Lymphedema = Control arm Ln submitted Ln positive Mastectomy Christian

Wald 95% Wald
Parameter Pr > ChiSq Odds Ratio Confidence Limits

Intercept 0.1202
Control arm 0.0965 0.528 0.249 1.121
Ln submitted (>8) <.0001 5.509 2.474 12.267
Ln positive (>0) 0.0527 2.164 0.991 4.724
Mastectomy (vs. other) 0.2630 0.634 0.285 1.408
Christian 0.0647 2.043 0.957 4.358

Discussion: To investigate whether there are any variables more strongly associated with LE,
multivariate analysis was performed. For multivariate analysis, stepwise logistic regression
using the backward selection method was performed to determine association with LE by
variables in the clinical or population characteristics. LE (yes/no) was dependent, and the other
variables were explanatory variables. From Table 7, the highest correlation with developing LE
was with any lymph nodes positive (p=0.0527) or the number of lymph nodes removed at
surgery (<0.001). Being in the control arm did not correlate with higher LE (or being in the
intervention arm did not correlate with lower risk for LE). In Table 6 and Table 7, the population
and clinical characteristics of subjects with LE are compared with those of subjects without LE.
There were no population differences between those with or without LE. However, an additional
clinical difference was the stage of breast cancer. As expected, those with LE had a higher stage
of breast cancer than those who did not develop LE.
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Table 8 Quality of life (QOL) scores comparing the Intervention Group with the Control
Group and those with and without LE (FACT-B, MOS-SF36, CARES marital and
sexuality subscales)(Specific Aim 2)

Intervention group Control group With LE Without LE
FACT-B scores (Total)

initial mean(n) 123.49 (69) 105.84 (76) 115.88 (81) 112.16 (64)
6-month mean(n) 124.69 (53) 114.61 (48) 118.49 (67) 122.67 (34)

12-month mean(n) 126.71 (40) 115.70 (49) 118.87 (51) 123.03 (38)
24-month mean(n) 126.87 (19) 134.43 (23) 130.49 (25) 131.78 (17)
36-month mean(n) 98.50 (13) 121.36 (20) 109.15 (21) 117.95 (12)

MOS-SF 36 scores
Physical Scale

initial mean(n) 45.46 (68) 49.49 (68) 46.68 (79) 48.58 (57)
6-month mean(n) 42.08 (52) 28.78 (47) 36.06 (67) 35.15 (32)

12-month mean(n) 46.91 (44) 44.32 (45) 46.31 (53) 44.55 (36)
24-month mean(n) 45.59 (19) 48.54 (22) 48.84 (23) 45.03 (18)
36-month mean(n) 43.62(14) 46.49 (19) 44.64 (22) 46.53(11)

Mental Scale
initial mean(n) 49.76 (68) 45.37 (68) 48.70 (79) 46.00 (57)

6-month mean(n) 57.29 (52) 86.16 (47) 63.45 (67) 86.79 (32)
12-month mean(n) 48.48 (44) 52.51 (45) 49.34 (53) 52.24 (36)
24-month mean(n) 51.82 (19) 51.60 (22) 53.12 (23) 49.88 (18)
36-month mean(n) 49.67 (14) 50.14 (19) 49.40 (22) 51.02(11)

CARES
Sexuality Subscale

initial mean(n) 46.73 (59) 48.93 (58) 47.88 (64) 47.76 (53)
6-month mean(n) 47.54 (46) 47.83 (40) 48.07 (57) 46.90 (29)

12-month mean(n) 48.32 (31) 48.55 (44) 48.61 (43) 48.25 (32)
24-month mean(n) 47.43 (14) 48.47 (19) 47.55 (20) 48.77 (13)
36-month mean(n) 50.00 (10) 49.13 (15) 51.53 (15) 46.40 (10)

Marital Subscale
initial mean(n) 48.46 (59) 51.57 (58) 50.02 (64) 49.98 (53)

6-month mean(n) 49.78 (46) 50.20 (40) 50.60 (57) 48.76 (29)
12-month mean(n) 50.94 (31) 51.00 (44) 51.37(43) 50.44(32)
24-month mean(n) 49.36 (14) 51.16 (19) 49.75 (20) 51.39 (13)
36-month mean(n) 53.20 (10) 49.93 (14) 53.50 (14) 48.20 (10)

Specific Aim 2: What are the differences in the measured QOL among breast cancer
patients during the first three years after surgery that received perioperative education in
lymphedema protection as compared to a control group?

Discussion: Table 8 combines scores for the intervention group and control group as well as
those with LE and those without LE. Although the prospective randomization of participants into
intervention and control groups was as expected, it appears as if baseline QOL scores for Fact B
are not similar. The reason for this is unclear, and was not a criterion for prospective
randomization. Since our collaborator is at another institution, we plan to review these data and
specific subset data for each of the QOL instruments during the no-cost extension. The QOL
scores need to be interpreted as compared to the interval when LE was diagnosed. The
underlying hypothesis is that QOL is worse with LE.

The MOS-SF 36 has comparable scores among the groups, and subscales from the MOS-
SF36 may assist in the understanding of FACT-B scores since they overlap in some domains.
Neither of these instruments is specific for LE, but asks about function and body image.

Not all subjects are willing to answer the CARES questionnaire asking about marital and
sexual relationships. Only those questionnaires where at least 75% of questions were answered
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can be included in an analysis. Our collaborators are also away from their home base and will
need to be contacted during this no-cost extension to clarify these results.

Table 9 Knowledge and compliance questionnaire scores comparing both Intervention
group with or without LE and Control group with or without LE (Specific Aim 3)

Intervention Control With LE Without LE
group group

Knowledge Questionnaire
initial mean(n) .4005 (73) .3580 (82) .4439 (77) .3152 (81)

6-month mean(n) .6859 (59) .6481 (56) .7272 (69) * .5780 (46)
12-month mean(n) .7661 (41) .7359 (49) .7729 (50) .7206 (40)
24-month mean(n) .8265 (20) .7749 (23) .8376 (25) .7451 (18)
36-month mean(n) .8193 (14) .7171 (21) .8517 (23) .5784 (12)

Compliance Questionnaire
6-month mean(n) 3.25 (53) 3.09 (50) 3.26 (63) 3.04 (40)

12-month mean(n) 3.06 (42) 3.00 (50) 3.12 (54) 2.89 (38)
24-month mean(n) 2.96 (19) 3.17 (24) 3.28 (26) 2.77 (17)
36-month mean(n) 2.95 (15) 3.00 (19) 3.12 (23) 2.69 (11)

• Statistically significant at the overall experiment-wise error level of .05 (p-value=0.0024)

Specific Aim 3) What are the retention of information on lymphedema protection, and the
compliance with arm precautions among breast cancer patients who received perioperative
lymphedema training as compared to a control group?

Discussion: As a review, the knowledge questionnaires were given preoperatively and at 6
months, 12 months, 24 months and 36 months after surgery. There are 17 questions that cover
several categories of protection methods to reduce the risk of LE. They are scored either 0 or 1
and the Total Score is just the proportion marked 1. The compliance questionnaires are given at
the same intervals as the knowledge questionnaires with the exception that no preoperative
compliance questionnaire is given. There are 22 questions with each scored from 0 to 4
depending on the frequency of use of a particular protection method. Total Score is the sum of
these values divided by the number of questions answered.

Although not significant, it appears as if there were more items answered in the
knowledge questionnaire among those in the intervention group as compared to the control group
for each interval. However, when comparing those with LE to those without LE, there were
significantly more items identified as protection measures in those who had LE as compared to
those without LE (p=0.0024). For all intervals, it appears that those with LE score better on the
knowledge questionnaire although it is not significant. There may be improvement in the
knowledge of LE once a patient has the condition.

Surprisingly, the compliance with protective measures is not greater for those in the
intervention group as compared to the control group. In addition to a class with a LE nurse
specialist, the intervention group also had a 6 month booster session. It appears that those with
LE also show better compliance with protection measures as compared to the control group, but
this also is not significant. The collaborator for the Knowledge and Compliance questionnaires
will need to be contacted during the no-cost extension to assist in further analysis. They have
moved from their former position into a new job.
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KEY RESEARCH ACCOMPLISHMENTS
* A 2001 article was published and presentation made at a national meeting that

documented lymphedema within the first year after breast cancer surgery as well as
symptoms of LE preceeding measurement changes by 3 months (J Surg Res 95:147-
151, 2001). The article was cited by Dr. Armer and a collaboration formed to standardize
the symptom reporting for LE. Two additional presentations at national meetings showed
the patterns of LE occurrence from interim data.

0 A 2003 article (Am J Surg., 186:509-513, 2003) was published and presentation
made at a national meeting that compared various methods and standards for
defining LE in the literature. Using the methods in this study as the "gold
standard", the use of a 5% volume or circumference change had a high positive
predictive value for identifying LE. This method can be taught to surgical practices
so that preoperative measurements can be obtained and postoperative visits can
repeat these measurements to simplify identification of those who should be referred
to a LE expert.

* A 2005 article was submitted and presented at a national meeting that correlated
uncontrolled hypertension with development of LE using a prospective
measurement collection method, unlike that previously reported in the literature.
These findings have been incorporated into a funded study where the influence of
blood pressure control on the occurrence of LE is being studied. A manuscript is in
press comparing different standards of reporting LE.

REPORTABLE OUTCOMES

---Manuscripts and presentations
Please see bibliography in Part 4 of Body of this report and Appendix.

---Funding Applied
Komen Foundation Postdoctoral Fellowship Research Award, "Increased Incidence of
Lymphedema in African American and Hispanic Breast Cancer Patients", submitted 8/03, not
funded.

$261,251 (PI), WSU Research Enhancement Program, "Looking for Answers in Lymphedema
Prevention: Is it what we inherit? Is it what we do? Is it what we treat?", 5/1/05-4/30/07.

$250,000 (PI), Komen Foundation, "Linking Lymphedema to Disorders of
Lymphangiogenesis", 5/1/05-4/30/07.

NIH, "Linking Lymphedema to Disorders of Lymphangiogenesis", submitted 6/04, being
revised.
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CONCLUSIONS

"* Lymphedema was detected in 58.3% of participants who underwent breast cancer
surgery using prospective arm circumference measurements and volume
determinations for the upper extremities.

"* The incidence of LE and infection did not differ for those breast cancer patients who
received perioperative training in lymphedema protection as compared to a control
group (Specific Aim 1). The possibilities: the training needs to be re-formatted, or
there are other influences on the development of LE despite knowledge of protection
methods (Specific Aim 3). The latter is the basis of two funded grants emanating
from this project investigating inherited defects in lymphangiogenesis genes, the
effect of activities, and the effect of uncontrolled hypertension.

"* A majority of LE cases occurred within the first year after breast cancer surgery
(78.4%). Furthermore, a majority of cases persisted after the first year.

"* The quality of life as affected by LE is not measured by FACT-B or MOS-SF 36.
This led to the inclusion of qualitative interviews in a funded grant whereby study
participants are asked about barriers to compliance with LE protection
methods.(Specific Aim 2).

"So What Section"

There has been resurgence in the interest of lymphedema as evidenced by new funding
opportunities for researchers. However, the awareness of lymphedema occurrence, protection,
and treatment by many clinicians that are in contact with breast cancer survivors is not uniform.
As a result of this research project, this group has had the opportunity to present at national
meetings. The latest will be the American College of Surgeons. This is significant because
lymphedema is a consequence of treatment for breast cancer, including surgery of the axilla.
This provides an excellent forum to discuss findings and possibly influence surgical practice.

REFERENCES
n.a.

APPENDIX
Articles published and submitted included in the appendix:
1. Kosir, M.A., Rymal, C., Koppolu, P., Hryniuk, L., Darga, L., Du, W., Rice, V., Mood, D.,
Shakoor, S., Wang, W., Bedoyan, J., Aref, A., Biernat, L Northouse, L. Surgical Outcomes
after Breast Cancer Surgery: Measuring Acute Lymphedema. J Surg Res 95:147-151, 2001.

2. Bland, K.L., Perczyk, R., Du, W., Rymal, C., Koppolu, P., McCrary, R. Kosir, MA Can
a practicing surgeon detect early lymphedema reliably? Am J Surg., 186:509-513, 2003.

SUPPORTING DATA
Please see Part 3 of Body of this report for Tables and Figures.
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Abstract

Background: Lymphedema may be identified by simpler circumference changes as compared with changes in limb volume.
Methods: Ninety breast cancer patients were prospectively enrolled in an academic trial, and seven upper extremity circumferences were
measured quarterly for 3 years. A 10% volume increase or greater than 1 cm increase in arm circumference identified lymphedema with
verification by a lymphedema specialist. Sensitivity and specificity of several different criteria for detecting lymphedema were compared
using the academic trial as the standard.
Results: Thirty-nine cases of lymphedema were identified by the academic trial. Using a 10% increase in circumference at two sites as the
criterion, half the lymphedema cases were detected (sensitivity 37%). When using a 10% increase in circumference at any site, 74.4% of
cases were detected (sensitivity 49%). Detection by a 5% increase in circumference at any site was 91% sensitive.
Conclusions: An increase of 5% in circumference measurements identified the most potential lymphedema cases compared with an
academic trial. © 2003 Excerpta Medica, Inc. All rights reserved.

Keyvords: Lymphedema; Measurements; Circumference

Halsted described lymphedema of the upper extremity after as magnetic resonance imaging (MRI) and computed to-
treatment of breast cancer by mastectomy in the early 1920s mography (CT). However, more commonly, circumferential
[1]. It continues to be of significant lifelong concern even measurements are used to detect lymphedema. As of yet,
with modem treatment of breast cancer. The incidence of however, there are no well-established guidelines for diag-
lymphedema has been reported from 6% to 30% [2]. Early nosis of lymphedema using circumferential measurements
and reliable diagnosis continues to be challenging because and no consensus on what measurement change constitutes
multiple methods of detection are reported that are difficult lymphedema [3]. In a review of the literature by Petrek and
to compare. The delay in identification of lymphedema Heelan [2], the definition of lymphedema ranged from
contributes to the negative psychosocial impact already im- greater than 2 cm change to greater than 10 cm change.
posed by the potential physical limitations, discomfort, and There are reports citing that a greater than 2 cm difference
disfigurement that result from the condition. from baseline (preoperative) measurements identifies

There are various methods reported for the detection of lymphedema [4,5]. Generally, two or more circumferential
lymphedema including water displacement measurement of measurements are taken along the arm, including at bony
arm volume, tissue tonometry, and radiographic means such landmarks, to evaluate for lymphedema [5,6].

In a prospective trial from the American College of

* Corresponding author. Tel.: +1-313-576-3970; fax: +1-313-576- Surgeons Oncology Group (ACOSOG) [7], lymphedema is
1002. described as a 2 cm or greater increase over the baseline

E-mail address: mary.kosir@med.va.gov measurement or greater than 10% increase in circumference
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of the ipsilateral arm. In addition, for the purpose of the accurate representation of the upper extremity [7,8,10,11].
ACOSOG protocol, participating members are instructed to Measurements and volume calculations were taken quar-
take the measurements 10 cm proximal and distal to the terly for up to 3 years. Quarterly limb volumes were com-
lateral epicondyle. pared with preoperative values on the ipsilateral side. In the

In order to verify and compare various circumference event that a patient had a change in weight of 10 pounds or
change criteria for lymphedema detection, a group of greater (gain or loss), then measurements were repeated and
lymphedema cases were identified by volumetric determi- volumes calculated creating a new baseline. Percent change
nations prospectively collected on breast cancer patients in from preoperative volumes were calculated quarterly using
an academic trial that included examination by a lymphed- the following equation: volume % change = (current vol-
ema specialist. A 10% increase in limb volume was ac- ume - preoperative volume/preoperative volume) X 100
cepted as lymphedema [8,9]. In addition, any change in [9]. A 10% increase in volume as compared with preoper-
circumference greater than 1 cm led to examination and ative measures was considered to be lymphedema after
measurement by a lymphedema specialist, identifying addi- verification by a lymphedema specialist. In addition, anyone
tional lymphedema cases. Then measurements in the with a circumference measurement increase of greater than
lymphedema cases identified in the academic trial were 1 cm was also referred to the lymphedema specialist for
compared with other definitions of lymphedema that used additional measurements and examination. Not all of these
fewer sites for detection, and various changes in circumfer- were judged to have lymphedema, but this route identified
ence in order to determine specificity and sensitivity of some additional cases (38.5%).
lymphedema detection. For comparison, the criterion of a 10% change and 5%

change in circumferential measurement was applied to the
sites proximal and distal to the elbow. This was done to

Methods evaluate the effectiveness of the two-site method to diag-
nose lymphedema as compared with the sites measured for

After approval by the Human Investigation Committee at the academic trial. Then 10% change and a 5% change in
Wayne State University and human subjects subcommittee circumference at any of the measured sites along the limb
of the DoD (DAMD 17-00-1-0495), patients from the Al- were calculated. Additionally, measures greater than 2 cm
exander J. Walt Comprehensive Breast Center at Karmanos were also identified. The lymphedema specialist evaluated
Cancer Institute were enrolled prior to surgery, and after all potential cases of lymphedema identified by these com-
signing the approved study consent form. Participants were parison methods in order to determine true positive and true
18 years old or older, male or female, with newly diagnosed, negative cases. The time of diagnosis of lymphedema was
resectable breast cancer. Eligible subjects were scheduled to determined as months after the date of surgery. The sensi-
undergo mastectomy or lumpectomy with lymph node sam- tivity and specificity of each of the methods using circum-
pling, dissection, or sentinel node biopsy, or breast conser- ference changes were determined in comparison to the
vation therapy followed by radiation therapy. Exclusion lymphedema cases confirmed in the academic trial. The
criteria included previous axillary surgery or radiation, timing of the diagnosis of lymphedema was one of the
planned mastectomy without axillary surgery or radiation factors used in determining sensitivity and specificity. If the
therapy, inability to provide consent, or no plans to follow differences in the timing of diagnosis were within 3 months,
up at any of the Karmanos facilities after surgery. Demo- they were coded as an agreement. SAS version 8.2 was used
graphic information was collected by questionnaire, which for all statistical analyses.
included ethnicity, education level, and income. The type of
surgery, breast cancer stage, occurrence of chemotherapy
and radiation therapy was recorded during the study. Results

From June 1999 through December 2002, 107 subjects
were enrolled and evaluated for lymphedema after surgical The patients eligible for inclusion in the study were
treatment of breast cancer. Of 107 subjects, 90 subjects African-American (30%), Caucasian (51.1%), Hispanic
were evaluable. The reasons for nonevaluable subjects were (3.3%), Arab/Chaldean (2.2%), Asian (2.2%), Native Amer-
as follows: subjects did not want to continue in the study ican (3.3%), and other (6.7%; Table 1). One subject did not
(10), did not meet study entry criteria upon review (5), or indicate race (1.1%). Overall, the average age of the patients
did not undergo axillary surgery or radiation therapy as enrolled was 53.7 years, and all were women, although men
planned (2). Measurements were taken preoperatively of were eligible to enroll as well. The evaluable subjects had
bilateral arms. The circumferential measurements were breast cancer stages from 0 through IV. Forty-five of the
taken across the palm of the hand, at the wrist, and at 10 cm patients (50%) had mastectomy with axillary surgery, 38
intervals proximal to the wrist, and at the elbow. The vol- (42.2%) had lumpectomy with axillary surgery, and the
ume was then calculated based on the total volume of a remaining 7 (7.8%) had lumpectomy with radiation therapy.
series of frusta. A frustum, a cone with the top cut off so the In addition, half of the patients had radiation therapy.
upper surface is parallel to the base, is felt to be a more The patients were followed up in the trial for a mean of
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Table I Table 2
Patient characteristics Lymphedema detection in academic trial by type of surgery*

With Without Type of breast cancer surgery
lymphedema lymphedema Mastectomy Lumpectomy Lumpectomy All

Number 38* 52 with axillary with axillary and RT (n = 90)
Mean age (yrs _± SD) 54.8 ± 13.4 54.4 _ 10.3 surgery surgery and (n = 7)
Race (n = 45) RT (n = 38)

African American 14 13
Caucasian 16 30 With1982aHispanic 3 0 lymphedema
Arab/Chaldean Acute LEt 13 18 2 33Asi an 0 2 Mean time to 8 -_ 6 7 ± 6 6.5 ±- 0.7 7.6 ± 5.8Asian 0 2 L
Native American 0 3 LE
Other 4 2 diagnosis
Unknown 0 1 (months)

Breast cancer stage * Academic trial LE criteria: 10% or greater volume change or 1 cm or
0 3 6 greater circumference change at any site, all verified by LE specialist.
1 7 17 t Acute LE was lymphedema diagnosed within the first year after sur-
IIA 11 11 gery.
IIB 5 14 t One patient had bilateral disease.
IIIA 8 1 RT = radiation therapy; LE = lymphedema.
IIIB 3 2
IV 1 I

Chemotherapy 16 15 There were not enough cases of sentinel lymph node biopsy
Radiation therapy 16 27
Employment status ([SLNB] 13) to compare these lymphedema criteria at this

Working 15 28 time. However, 5 of 13 were diagnosed with lymphedema in
Not working 10 7 the academic trial after SNLB.
Retired 10 8 Based on one of the ACOSOG criteria for diagnosis of
Not answered 3 9 lymphedema, 10% change in circumference for measure-

Highest education level
Less than high school 4 1 ments 10 cm above and below the elbow, 20 patients (37%
High School/GED 21 28 sensitivity, 92% specificity) were identified. The average
Associate degree 0 0 interval until diagnosis was 11.7 months (Table 3). When a
Bachelor degree 8 9 10% change in circumference was applied to any of the
Masters degree 1 4 measurements along the limb, 29 patients (49% sensitivity,
Doctorate/professional school 1 1
Not available 3 9 81% specificity) were identified. The average interval until

Annual income diagnosis was 10.7 months (Table 4).
<$5,000 3 4 Determining a greater than 2 cm change in circumfer-
$5,001-$15,000 6 4 ence above and below the elbow identified 28 cases (59%
$15,001-$30,000 5 5 sensitivity, 85% specificity) which overlapped with the
$30,001-$50,000 3 2 sesitivity 85 specifici icho eape ith the
$50,001-$75,000 3 8 cases identified by 10% circumference increase in the same
>$75,000 10 13 sites (Table 5). Diagnosis of lymphedema occurred at 9.3
Not available 8 16 months on average. When all measured sites were examined
• One patient had bilateral disease, for a greater than 2 cm change, then 32 cases were identified

(70% sensitivity, 76% specificity; Table 5). The diagnosis
occurred at 8.6 months on average.

13 ± 7.9 months (range 3 to 36), with enrollment occurring In order to increase sensitivity, 5% changes in circum-
throughout. Thirty-eight (38) patients (with 39 limbs af-
fected) of the 90 evaluable patients (42.2%) were found to
have lymphedema based on the academic trial standards of Table 3
10% increase in baseline volume or greater than 1 cm Comparison of LE detection with the academic trial using 10% and 5%
change at 1 of the 7 measured sites with verification by the circumference change above and below the elbow

lymphedema expert. One patient had bilateral disease. The 10% change around 5% change around
mean age of patients with lymphedema was 54.8 years. elbow elbow
Thirty-two of the 39 diagnoses (82.1%) of lymphedema Potential LE cases 18 45
were made within the first year (acute lymphedema). Most Mean time to LE 11.7 ± 6.3 8.3 ± 5.9
persisted past 1 year (86.7%). The average time until diag- diagnosis (months)
nosis of lymphedema was 7.6 months and ranged from 3 to Sensitivity 37% 80%

28 months (Table 2). There was no difference in incidence Specificity 92% 71%

of lymphedema based upon type of surgical procedure. LE = lymphedema.
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Table 4 The diagnosis is more complex in patients who experi-
Comparison with the academic trial of LE detection using 10% and 5% ence a feeling of heaviness, swelling, or pain, in the absence
circumference change at any site of corroborating volume or circumferential changes. These

10% change 5% change patients may be considered to have lymphedema by subjec-
at any site at any site tive complaints and require evaluation a by lymphedema

Potential LE cases 28 62* specialist as well [13]. The subjective complaints often
Mean time to LE 10.7 ±- 6.1 7 -_ 5 times precede the ability to clinically document lymphed-

diagnosis (months) ema [9]. The physical changes that accompany the condition
Sensitivity 49% 91% create difficulty with tasks associated with jobs, households,
Specificity 81% 46% and even personal care, especially in severe cases [14]. The

* One patient had bilateral surgeries and was positive bilaterally. psychological impact can be tremendous resulting in sexual
LE = lymphedema. dysfunction, depression, and feelings of isolation.

Modem day surgical practices in breast surgery are

ference were determined around the elbow (Table 3), and at aimed at reducing post surgical and treatment morbidity.
all measured sites (Table 4). With a 5% circumference With the advent of SNLB, it has been reported that armchall masourd sthes (Tablwthe 4). Wih casciruenied a swelling and subjective complaints are decreased in com-
change around the elbow, there were 36 cases identified at parison with traditional axillary lymph node dissection
a mean of 8.3 months (80% sensitivity, 71% specificity; (ALND) [15-17]. Sener et al [17] reported 6.9% incidence
Table 3). However, when 5% circumference change was of lymphedema in patients undergoing SLNB followed by
determined for any measured site, then all 39 lymphedema obligatory ALND. The incidence of lymphedema decreased
cases from the academic trial were identified at 7.5 months to 3% with SNLB alone (lymphedema was characterized by
(91% sensitivity, 46% specificity; Table 5). a minimum 20% volume change in that particular study).

Although the data are promising, the number of lymphed-
ema cases was falsely low due to the determination of a

Comments greater than 20% circumference increase at sites 10 cm
above and below the elbow. This is predicted to increase the

Most patients do not have lymphedema after surgery or false negative rate for lymphedema detection. Therefore,
radiation therapy. However, for the approximately 30% of future studies examining the occurrence of lymphedema in
postsurgical/postradiation patients in whom the condition cases with SLNB require standardized criteria for identify-
develops, it can be life altering and affect their quality of ing potential cases.
life. Interestingly, it can start within the first year after Although there are generally accepted criteria to diag-
surgery. Some cases resolve within that year, others persist. nose lymphedema, there are no universally applied methods

Still others occur at some interval after the first year. There to diagnose potential lymphedema, thereby complicating

are several treatment modalities available for therapy. How- interpretation of literature. This also has serious implica-
tions for surgical practice in making a presumptive diagno-

ever, a delay in diagnosis delays therapy. Earlier treatment sis and referral to a mphedema pestile a

can prevent acute lymphedema from becoming more ad- lsis and referral to a lymphedema specialist. While a
vanced and chronic, even if it does not resolve after I year. lymphedema specialist may apply multiple complex mea-
vancised t a ndroniceven ifcitrdoesn ot resolve canfte gr1yea. surements and other clinical evaluations in arriving at the
When it is left untreated, chronic lymphedema can progress confirmation of lymphedema, surgeons may need simpler

to chronic inflammation, fibrosis, swelling, and increased crnir itianthat wouldreliablyudeect mymphed in
riskof ellliti [1]. herfore ealy denifictio ofpo- screening criteria that would reliably detect lymphedema in

risk of cellulitis [12]. Therefore, early identification of po- order to refer for consultation. For example, some authors
tential lymphedema remains a goal for surgical practices. have used or referred to a method of two measurements (one

above and one below the elbow) with a 2 cm increase in

Table 5 circumference for diagnosis of lymphedema [2,4,15,18],
Comparison with the academic trial of LE detection using >2 cm When data from the subjects in this study was evaluated by
circumference change at any site and specifically above and below the this criterion, we found that 28 of the 39 (71.8%) cases
elbow diagnosed with lymphedema would also have been diag-

>2 cm around >2 cm at nosed by this method (Table 5). When the 2 cm increase
the elbow any site was applied to any site, the true positive diagnosis rate was

Potential LB cases 30 39 82.1%, missing 17.9% of the cases.
Mean time to LE 9.3 ± 6.2 8.6 -± 5.9 When ACOSOG criteria for lymphedema were applied

diagnosis (months) to the measurement data (10% increase in circumference
Sensitivity 59% 70% around elbow), 48.7% of the documented lymphedema
Specificity 85% 76% cases would have been missed as compared with evaluating

* One patient had bilateral disease, sites along the arm (Table 3). Ten cases (25.6%) would have
LE = lymphedema. been missed based on the ACOSOG criteria of 10% cir-
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